required for the pathogenesis of PSTT. A subsequent study of the Y chromosomal complement in GTN did identify a single case of PSTT (7%) and three ETT (18%) with Y chromosomes but confirmed that the majority of both PSTT and ETT were female (Yap et al 2010) .
The antecedent pregnancies were not reported in these studies and one explanation for the very high numbers of female pregnancies might be that, like choriocarcinoma, the causative pregnancy in a large proportion of PSTT and ETT might be a CHM. Since approximately 90% of CHM are female (Fisher et al 1989; Cheung et al 1994) then a bias towards female tumours would be expected. Although few PSTT and ETT are reported to occur following a HM, it has been clearly shown that in choriocarcinoma at least, the causative pregnancy may not be the antecedent pregnancy (Fisher et al, 1995 , Shahib et al 2001 , Fisher et al 2007 .
The aim of this study was to investigate a large series of PSTTs and ETTs, treated at a national trophoblastic disease centre, to further elucidate the relationship between the nature and sex of both the antecedent and causative pregnancies and the development of these rare tumours.
Materials and methods

Patient Cohort
All PSTT and ETT cases referred to the Charing Cross Hospital Trophoblastic Tumour Screening and Treatment Centre were identified from the electronic data bases of the unit. Between January 1976 and January 2016 ninety two cases with a confirmed diagnosis of PSTT, ETT or mixed PSTT/ETT were referred to Charing Cross Hospital, the first two cases being unusual trophoblastic tumours that were diagnosed as PSTT on pathological review in 1981. The site and histopathological diagnosis of the tumour, together with available obstetric history including the nature and sex of the antecedent pregnancy and time interval until diagnosis was recorded for each case.
Histopathology
The histopathology of all cases was reviewed at the trophoblastic disease unit, by specialist histopathologists with expertise in GTD, using criteria based on the World Health Organisation classification of tumours of the female reproductive organs (Hui et al 2014) . Confirmatory immunohistochemical staining with markers such as placental alkaline phosphatase, human placental lactogen and P63 were carried out as appropriate.
Molecular Genotyping
DNA extraction
Tumour and adjacent maternal tissue were dissected independently from 3-5 unstained 5µ sections of formalin fixed paraffin embedded tissue with reference to a consecutive haematoxylin and eosin stained section. Following deparaffinisation of the tissue, DNA was prepared by digesting the tissue in a buffer comprising 50mM Tris pH 8.5; 1mM EDTA pH 8.0; 0.5% Tween 20 and 200µg/ml proteinase K at 56ºC for 3 hours, the volume determined by the amount of tissue available. Following heat inactivation of the proteinase K at 95°C for 8 min, the solution containing DNA was stored at -20 o C until use. In nine cases DNA was prepared from children of antecedent pregnancies. In these cases saliva samples were collected in an Oragene DNA collection kit (DNA Genotek, Ottawa, Canada) and DNA prepared according to manufacturer's instructions. In 3 cases DNA was prepared from a 200 µl blood sample from the patient's partner using a QIAamp DNA mini kit (QIagen, UK) as per the manufacturer's protocol.
Fluorescent microsatellite genotyping 1 µl DNA from tumour and maternal tissue (or 20ngs DNA from saliva) was amplified with primers for 15 short tandem repeat (STR) loci on 13 chromosomes, together with the amelogenin locus, using an AmpFlSTR Identifiler Plus kit (Applied Biosystems, Warrington, UK). PCR products were resolved by capillary electrophoresis using an ABI 3100 Genetic Analyser and genotypes determined using GeneMapper version 4.0 software (Applied Biosystems, Warrington, UK). The genotype of the tumour tissue was compared with that of the maternal tissue to determine the gestational origin of disease. In cases where the parental origin of the X chromosome was identified, 1 µl of DNA from the tumour and maternal tissue, together with 20 ngs of DNA from her partner, were amplified with primers for two polymorphic dinucleotide repeats DXS451 and DXS984.
Statistical analysis
Frequencies of female genotypes between groups were examined using comparison of proportions test (modified chi squared test) using StatsDirect (UK). P<0.05 was considered significant.
Ethical approval
The project was approved (project no, R14032) by the Tissue Management Committee of the Imperial College Healthcare NHS Trust Research Tissue Bank (project no. R14032), which is approved by NRES to provide deemed ethics for projects accessing material and data stored within the Research Tissue Bank.
Results
Patient characteristics
Ninety-two patients were identified from the electronic databases at Charing 
Antecedent Pregnancy
The antecedent pregnancy as recorded in patient notes showed that this was a full term normal delivery in over half (64%) of cases. In 19 (21%) cases the tumour was preceded by a molar pregnancy, the majority of these being morphologically CHM. In the remaining 15% of cases the antecedent pregnancy was miscarriage (6.5%), termination of pregnancy (7.5%) or still birth (1%) ( 
Causative pregnancy
In 15 cases H and E stained slides, without further pathological material, were sent to the unit for review. In a further eight cases, histological blocks had been returned to the referring hospital following pathological review and were not available for analysis. DNA was prepared and genotyping performed for all 69 cases in which tumour tissue was available. In some cases larger alleles at some loci included in the AmpflSTR kit failed to amplify on genotyping due to DNA degradation of archival material. Only cases in which three or more non-maternal (paternal) alleles were identified in the tumour, and hence a gestational origin confirmed, were included in the study.
Contamination of tumour DNA with DNA from the patient was present to some degree in most of the tumours due to difficulties in microdissection of tumours which infiltrate the normal maternal myometrium and infiltration of the tumour tissue by maternal lymphocytes. Eight cases, including six where the tumour tissue was over 20 years old, and four cases where insufficient unique paternal alleles were identified to confirm a diagnosis due to maternal contamination, were excluded from the study. Of the 57 tumours analysed, 48
were from the primary tumour, in three cases lung metastases, two cases pelvic metastases and one case the ovary. show a single non-maternal allele (solid peak). DNA at the AMEL locus is from the X chromosome only. In twelve of the 14 cases where a CHM was the causative pregnancy, the antecedent pregnancy was reported as a CHM (Table 4 ). In five cases where tissue was available from the antecedent molar pregnancy, genotyping confirmed that the antecedent pregnancy was the causative pregnancy. In one case the molar pregnancy was not classified and sections unavailable for review while one case was reported as a miscarriage. The single case where a PHM was the causative pregnancy, the antecedent pregnancy was also reported as a PHM.
The antecedent pregnancies in all four cases in which a non-molar male conception was the causative pregnancy were full term normal deliveries of male infants. In the 38 cases in whichthe causative pregnancy was non-molar female, the sex of the antecedent pregnancy was unknown in 13, a miscarriage in two and termination of pregnancy in five. In the 28 cases of causative pregnancy reported to follow normal term delivery, 25 cases, including one case of female twins, were reported as female. Interestingly the causative pregnancy in three cases in which the antecedent pregnancy was reported as male had no Y chromosomal material ( Genotyping of the child from the antecedent pregnancy was not performed in most cases. However, in nine cases genotyping of the child was performed to confirm the time interval between the pregnancy and diagnosis, an important risk factor for PSTT and ETT. In eight of these cases the genotype of the antecedent pregnancy was consistent with that of the tumour. In one case of PSTT/ETT both the antecedent pregnancy and causative pregnancy were non-molar female conceptions. However, the genotype of the causative pregnancy was different to that of the antecedent pregnancy ( Figure 5 ).
Subsequent genotyping of other pregnancies in the patient showed that the tumour had originated in the pregnancy with her elder sister ( Figure 5 ). In three cases where genotyping of the child of the antecedent pregnancy confirmed that the tumour had arisen in the antecedent male pregnancy, genotyping of two STR polymorphisms on the X chromosome in maternal, tumour and paternal DNA confirmed that the tumour had only a single X chromosome of maternal origin ( and three ETT (18%) with Y chromosomes but confirmed that the majority of both PSTT and ETT were female (Yap et al 2010) . Although the tumours investigated were confirmed to be gestational in the study by Hui et al (2000) the nature of the causative pregnancy was not determined in either study leading Yap et al (2010) Genotyping was performed in a subset of these patients, for whom pathological material was available. While the AmpFISTR Identifiler PCR assay failed to amplify some of the larger products for autosomal loci, due to degradation of the FFPE material, the polymorphic products generated for the X and Y loci of 106 and 110 base pairs respectively, amplified consistently.
However, only the 57 cases where three or more informative loci confirmed the presence of non-maternal alleles in the tumour, and therefore a gestational origin, were included in the study. Genotyping of these cases demonstrated that the causative pregnancy in most PSTT and ETT is not, as previously hypothesized (Yap et al 2010) a CHM since 74% of tumours were shown to originate in non-molar pregnancies with both a maternal and a nonmaternal contribution to the tumour genotype. Of the 15 tumours that did originate in molar pregnancies, the causative molar pregnancy was a PHM in one while the remaining 14 were CHM. Of these one was unusual in that it had originated in a diploid biparental CHM in a patient with familial recurrent The present study did demonstrate that both antecedent and causative pregnancies that originated in non-molar pregnancies were mostly, but not exclusively, female. In tumours following singleton non-molar pregnancies the sex of the antecedent pregnancy was reported to be male in 10 of 46 (22%) and where the causative pregnancy was identified 4 out of 42 (10%) apparently failing to support the hypothesis that a paternally derived X is essential for the development of PSTT. In order to confirm that where the causative pregnancy was male these tumours did not also harbour a second male-derived X chromosome, genotyping of two polymorphisms on the X chromosome was performed in three cases where paternal DNA was available. No unique paternal alleles were found in any of the three tumours, only a single maternal allele being present for all informative markers. A paternally derived X does not therefore appear to be a requirement for tumour development. While there were fewer cases of ETT or mixed tumours than PSTT, the proportion of male to female tumours appeared similar in the different groups. Histopathological review revealed no differences between male and female tumours of the same morphological type.
Amongst causative pregnancies fewer male pregnancies were observed than in the antecedent group, only 4 of 42 (10%) non-molar pregnancies being male. This may reflect the fact that "non-molar pregnancies" comprise slightly cases in the two groups. The antecedent pregnancy group includes only term pregnancies for which the sex is known whereas in the causative pregnancy group non-molar pregnancies include term births and other reproductive loss.
For three cases of PSTT with a male antecedent pregnancy, the tumour was female on genotyping, suggesting some tumours in the study had lost the Y chromosome during tumour progression, a feature of a number of different malignancies (Hunter et al 1993; Brunelli et al; 2003; Bianchi et al 2009 ).
While it is not possible to confirm loss of the Y chromosome during progression in these cases without knowing the genotype of the child for the antecedent pregnancy, it is interesting that the mean time interval between the antecedent pregnancy and diagnosis for the three tumours that have apparently lost their Y chromosome is 7.16 years (range 3.90 -8.85 years) compared to the mean interval between the antecedent pregnancy and diagnosis in the four cases where both antecedent and causative pregnancy were male, 2.98 years (range 1.38 -5.78 years).
The genotype of the antecedent pregnancy is not available in most cases.
However, since the demonstration that the time interval between the antecedent pregnancy and diagnosis of PSTT is the single most important prognostic factor for women with these tumours ( Although only 25% of PSTT and ETT arise in molar pregnancies, given that only one in 600 pregnancies in the UK are HM, (Savage et al 2013) , this represents a considerable malignant potential for molar pregnancies. Since the abnormal pathology of HM reflects the fact that most have two copies of the paternal genome and therefore exhibit aberrant expression of imprinted genes it is likely that this also drives the development of post-mole tumours.
We hypothesise that tumours originating in non-molar pregnancies may also arise as a result of aberrant expression of imprinted genes in the placental tissue and, given the high propensity for tumours to follow female pregnancies, that the defect might also involve over expression of genes on the X chromosome one of which is normally inactivated in female pregnancies (Morey and Avner 2010) . It may be the presence of two active X chromosomes that is important for tumour development rather than the presence of a paternal X chromosome per se.
Since a greater proportion of choriocarcinoma do follow CHM, they are expected to be predominately female. in an earlier report in which the sex of a variety of trophoblastic tumours was examined, only 5% of choriocarcinoma were male. This would suggest that in the order of 90% of choriocarcinoma follow CHM, a figure much higher than any cited in the literature. To address this we analysed the sex of a series of tumours that were pathologically choriocarcinoma and for which genotyping was performed to determine whether they were gestational or non-gestational tumours. Among 13 tumours that were confirmed to be gestational and to have originated in non-molar pregnancies, only three were male, suggesting there may also be a bias towards an origin in female pregnancies in choriocarcinoma following nonmolar pregnancies.
The mechanism by which the small number of tumours deriving in male pregnancies arise remains obscure but the presence of a Y chromosome may be a favourable prognostic indicator in a tumour following a non molar pregnancy. All nineteen patients with a post-mole tumour remain alive and well, as do 10 women with tumours arising in tumours with an antecedent male pregnancy while only 28 of 37 patients with an antecedent female pregnancy remain alive and well.
In conclusion this study has shown that PSTT and ETT can develop in male pregnancies and that a male derived X chromosome is not required for tumour development. While the study has confirmed that the majority of PSTT, ETT and mixed tumours originate in female pregnancies this is because most develop in non-molar pregnancies that are female rather than because they arise in unrecognised pregnancies with CHM. We have shown that PSTT/ETT may arise in a pregnancy other than the antecedent pregnancy but that this is a rare event and the antecedent pregnancy is usually the causative pregnancy. We provide preliminary data to suggest there is also a predominance of female tumours amongst post-term choriocarcinoma and that the mechanisms leading to malignant development may therefore be similar in different types of GTN. While GTN following nonmolar pregnancies is rare, there is a 13.6% per cent chance of GTN following a CHM (Savage et al 2013) and identifying women at risk is important in the clinical management of these women. Epigenetic investigation of tumours arising in non-molar pregnancies may provide insights into the underlying mechanisms that give rise to GTN and provide useful markers to enable earlier identification of those CHM that will progress to GTN. 
